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This invention relates to autocfavable flexible films suitable for the packaging of medical solutions. 
Curently, it is common medical practice to supply liquids such as medical solutions for parenteral admini- 
stration in the form of disposable, flexible pouches. These pouches should be characterized by collapsMity, 
transparency, and adequate mechanical strength. They must also be abJ to resist the relatively high temperas 
ures required for heat sterflization of their contents, for xample in an autodav . Typically, medical solutions 
and the like are autocfaved at about 253°F for periods of 16 to 30 minutes. 

Presently, such flexible pouches are typically made from a highly ptasticized polyvinyl chloride. While meet- 
ing the requirements mentioned above, polyvinyl chloride may have some undesirable properties for use as a 
medical solution pouch because of the possibSity of migration of plastictzer from the polyvinyl chloride into the 
medical solution or the other contents of the pouch so that the solution may become contaminated by potentially 
toxic material. A question has also arisen concerning whether PVC is adequately chemically neutral to medical 
solutions. It has also been found that polyvinyl chloride becomes brittle at relatively low temperatures. 

Embrittiement and stress-cracking, particularly of the outer surface of medical pouches, has been found 
to occur in other non-PVC pouches. It is desirable to provide a pouch for the packaging of medical solutions 
which substantially reduces or eliminates stress<racking and embrittiement of the pouch material. 

Of interest is U.S. patent 4,401 ,536 issued to Lundell et al which discloses the use of a blend of medical 
grade radiation-stabilized polypropylene and a copolymer of ethylene and a comonomer selected from the 
group consisting of vinyl esters of saturated carboxylic acids and afkyl esters of alpha, beta ethylenicalfy unsatu- 
rated carboxylic acids, the blend being irradiated. 

Also of interest is U.S. patent 4.643,926 issued to Mueller which discloses a ftexiWe fBm for medical solution 
pouches generally including a sealant layer of ethylene propylene copolymer, modified ethylene propylene 
copolymer, or flexible copdyester, one or more interior layers including elastomeric polymeric materials such 
as very low density polyethylene; and an outer layer of ethylene propylene copolymer or a flexible copolyester. 

Of interest is EP 228 819 (Raniere et al) disclosing a multiple layer film suitable for packaging solutions 
used for medical services, having three layers including a sealant layer having polypropylene polymer blended 
with an elastomeric styrene ethylene butylene styrene copolymer. 

It is an object of the present invention to provide a film suitable for the packaging erf medical solutions, the 
fBm capable of production without the need for sacrificial layers. 

It is an object of the present invention to provide a fim suitable for the packaging of medical solutions, the 
fBm having good impact resistance and flexibility. 

Another object of the present invention is to provide a film suitable for the packaging of medical solutions 
characterized by good optical properties and a low degree of initial haze (blushing) after autodaving of the pack- 
age. 

Stil another object of the present invention is to provide a film suitable for the packaging of medical solutions 
characterized by high mechanical strength. 

The term "high melt flow" is used herein to indicate a melt flow of greater than about 5 grams/10 minutes 
and less than about 15 grams/1 0 minutes (ASTM D 1238, Condition L). Melt flow is generally considered to be 
inversely proportional to melt viscosity and molecular weight 

The terms flexible" and the lice and "elastomeric" and the (fee are used herein to define specific polymeric 
materials as well as characteristics of a resulting pouch or bag whereby improved fleribSHy and/or cdlapsibiity 
of the pouch or bag is obtained by the use of these specific polymeric materia. Flexfcle materials may be 
characterized by a modulus of preferably less than 50,000 PSI (ASTM D-882-81) and more preferably less than 
40,000 PSI (ASTM 0-882-81). 1 

The term "13m" and the like refers to a thermoplastic material suitable for packaging and having one or more 
layers of polymeric materials which may be bonded by any suitable means well known in the art 

The term "polymer", "polymeric", and the lice, unless specially defined or otherwise limited, generally 
includes homopolymers, copolymers and terpofymers and blends and modifications thereof. 

The term "interior* and the I ike is used herein to refer to a layer erf a multilayer fSm which is not a skin or 
surface layer, or sealant layer, of the fBm. 

The term "melt index" is used herein as the amount in grams, of a thermoplastic resin which can be forced 
through a given orifice under a specified pressure and temperature within 10 minutes. The value should be 
determined in accordance with ASTM D 1238-82, Condition E. 

The term "ethylene vinyl acetate copolymer* (EVA) is used herein to refer to a copolymer formed from 
thytene and vinyl acetate monomers wherein the ethyfen derived unfa in the copolymer are present in major 
amounts and the vinyl acetate derived units in the copolymer are present in minor amounts. 

The term "ethylene propylene copolymer (EPC) is used herein to refer to a copolymer f<mned of propylene 
monomer and minor amounts, usually less than 10% and preferably less than 8% by weight of thylene com- 
onomer. This may be a high melt flow EPC, although it does not have to be unless designated as such in this 
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specification or the claims attached hereto. 

The term "copotyester* and the l&e is applied to polyesters synth sized from more than one did and a 
dibasic acid. Copdyesters as used herein may also be characterized as copolymers of potyether and 
polyethylene terephthalate. More preferably copolyesters as used h rem may be characterized as polymeric 
materials derived from 1 ,4 cydohexane dimethand, 1 ,4 cydohexane dicarboxylic acid, and polytetram thyiene 
glycol ether, or equivalents of any of the above, as reactants. 

The term "modified 1 ' and the like is used herein to refer to a polymeric material in which some or ail of the 
substituents are replaced by other materials, providing a change in properties such as improved impact resi- 
stance, flexibility or elastomeric properties. In the case of modified ethylene propylene copolymer, the modifi- 
cation is provided by a rubbery block copolymer such as commercially available under the trademark Kraton 
from the She! Chemical Company. 

The terms "elastomer" and the Ike are used herein to mean a elastomeric, rubbery or flexible material suit- 
able for use in one or more layers of the present invention. Preferred elastomers are styrene ethylene butyiene 
styrene copolymer (SEBS), styrene butadiene styrene copolymer (SBS), styrene isoprene styrene copolymer 
(SIS), and ethylene propylene rubber (EPR). 

The term "polyolefin" is used herein to refer to olefin polymers and copolymers, especialy ethylene polym- 
ers and copolymers, and to polymeric materials having at least one definic comonomer, such as ethylene vinyl 
acetate copolymer. 

An impact resistant film in accordance with the invention comprises two outer layers each comprising a 
high melt flow ethylene propylene copolymer; and an interior layer disposed between the two outer layers, and 
comprising an ethylene vinyl acetate copolymer (EVA), ethylene methyl acryiate copolymer (EMA), or blends 
thereof; at least one of the outer layers also including an elastomer. 

Alternatively, an impact resistant film comprises a first outer layer comprising a blend of a high melt flow 
ethylene propylene copolymer and an elastomer a second outer layer comprising a copolyester; and a 
polymeric adhesive layer disposed between and adhering the first and second outer layers. 

In another aspect of the invention, an impact resistant flm comprises a first outer layer comprising a blend 
of a high melt flow ethylene propylene copolymer and an elastomer a second outer layer comprising a copolyes- 
ter; an interior layer comprising an ethylene vinyl acetate copolymer, ethylene methyl acryiate copolymer, or a 
Wend thereof; and a polymeric adhesive layer disposed between and adhering the interior layer to the second 
outer layer. 

In yet another aspect of the invention, an impact resistant film comprises a first outer layer corwrising a 
blend of a high melt flow ethylene propylene copolymer and an elastomer, a second outer layer comprising a 
copolyester; a central layer comprising a polyolefin; and polymeric adhesive layers disposed between and 
adhering the respective outer layers to the central layer. 

Alternatively, an impact resistant fim comprises two outer layers each comprising a high melt flow ethylene 
propylene copolymer a central layer comprising a fractional melt index ethylene vinyl acetate copolymer an 
interior layer disposed between each of the two outer layers and the central layer respectively and comprising 
ethylene vinyl acetate copolymer having a melt index greater than about 1 ; and at least one of the outer layers 
also including an elastomer. 

A modification of the above is an impact resistant film comprising two outer layers each comprising a high 
melt flow ethylene propylene copolymer; a central layer comprising ethylene vinyl acetate copolymer having a 
melt Index greater than about 1; an interior layer disposed between each of the two outer layers and the central 
layer respectively and comprising a fractional melt index ethylene vinyl acetate copolymer; and at least one of 
the outer layers also including an elastomer. 

In stiB another aspect of the invention, an Impact resistant film comprises a first outer layer comprising a 
Wend of a high melt flow ethylene propylene copolymer and an elastomer a second outer layer comprising a 
copolyester; a central layer comprising a polyolefin; an interior layer disposed between the first outer layer and 
the central layer, and comprising ethylene vinyl acetate copolymer having a melt index greater than about 1; 
and a polymeric adhesive layer disposed between and adhering the copolyester layer to the central layer. 

In yet another aspect of the invention, an impact resistant flm comprises a first outer layer oonwising a 
Wend of a high melt flow ethylene propylene copolymer and an elastomer a second outer layer comprising a 
copolyester, a central layer comprising a polyolefin; an interior layer disposed between each of the two outer 
layers and the central layer respectively and comprising ethyl ne vinyl acetate copolymer having a melt index 
greater than about 1; and a polymeric adhesive layer disposed between and adhering the copolyester layer to 
an interior layer. 

One additional example of an impact resistant film comprises a first outer layer comprising a Wend of a 
high melt flow ethylene propylene copolymer and an iastomer. a second outer layer comprising a copolyester; 
a central layer comprising ethylen vinyl acetate copolymer, ethylen methyl acryiate copolymer, or a Wend 
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thereof; an interior layer disposed between the first outer layer and the central layer and comprising a fractional 
melt index etoyten vinyl acetate copolymer; and a polymeric adhesive layer disposed between and adhering 
the oopoiyester layer to the central layer. v 

hi- JI^ ^1!^^!! lndUdes 8 * ^'"9 an ""Pact resistant film comprising providing a 
Wendofa high melt How thylene propyl ne copolymer and an elastomer; and extruding a first melt stream of 

t^ Ht ^ Stream * ethy,ene ™* ***** "P«>«y»~r. ethylene methyl acrytate copolymer, or 

^™'°L^ n l™* ***** and ^thyl acrytate copolymer, and a third melt stream 

of high melt flow ethylene propylene copolymer optionally blended with the elastomer, to form a Mm 

An alternative method of making an impact resistant film comprises providing a blend of a high melt flow 
e^enepropylene copolymer and an elastomer and extruding a first melt stream of the blend, a second melt 
stream of a poiymenc adhesive, and a thrd melt stream of a oopoiyester, to form a film 

Another aspect of the method comprises providing a blend of a high meltftow ethylene propylene copolymer 
andandaston^ extruding a first melt stream of the blend, a second melt stream of eftyfene vinyl aceta£ 
"»£fj™> ethytenemeoiyl acrytate copolymer, era blend of ethylene vinyl acetate copolymer and ethylene 
acrylate copolymer, a third melt stream of a polymeric adhesive, and a fourth melt stream of a copolyes- 
ter, to form a film. 

u «nother aspect of the invention, a method of making an impact resistant film comprises providing a 

Wend of a high melt flow ethylene propylene copolymer and an elastomer; and extruding a first melt stream of 
me Wend, a second melt stream of a poryolefin. a third melt stream of a oopoiyester. and a melt stream of a 
polymeric adhesive disposed between each of lh e first and second melt streams, and the second and third melt 
streams respectively, to form a film. 

M rf^L^T** "*? Inventi0n - 8 method * makin 9 an ^P** n»f«tant film comprises providing a 
wend ofa high melt flow ethylene propylene copolymer and an elastomer; and extruding the Mend as a first 

melti^ a secorrimeft stream^ 

£f*^ 8lream °* 8 fractfonaJ m< * index «*yterie vinyl acetate copolymer, a fourth melt stream of 
etrr/ene vnyl acetate copolymer having a melt index greater than about 1. and a fifth rneft stream of high melt 
flow ethylene propylene copolymer optionally blended with the elastomer, to form a film 

h. IT,?" !-^, a ^ eCt * inVentk>n ' a method rf ^"9 ™ impact resistant film cornprises providing a 
Wend of a high melt flow ethylene propylene copolymer and an elastomer and extruding a first melt stream of 
the Wend, a second melt stream of a fractional melt index ethylene vinyl acetate copolymer, a central melt 
TiiT2?i!f tate COp ° ,yTner h«*ig a melt Index greater than about 1 . a fourth melt stream of 
^^!^ 6%,ene Viny1 8Cetate "Xxty™*' and a fifth melt stream of high mett flow ethylene pro- 
pylene copolymer optionally blended with the elastomer, to form a film. 

In another aspect of the invention, a method of making an impact resistant fim comprises providing a Mend 
of a high melt flow ethylene propylene copolymer and an elastomer; and extruding a first melt stream of the 
™^, a _i^°^ melt 8,ream 01 tXh ^ me vi "y «*tte epporymer having a mett index greater than about 1. a 
oenW ^nett steam of apdyolefin, a fourth melt stream of a polymeric adhesive, and a fifth melt stream of a 
oopoiyester. to form a film. 

M mS* !. n ? ther , a ! PeCt ° fthe lnvention - 8 of making an impact resistant film comprises providing a 
Wend of a high melt flow ethylene propylene copolymer and an elastomer and extruding a first melt stream of 
^^.f ™* s,ream of ethylene vinyl acetate copolymer having a melt index greater than about 1 . 

JZ?J^1 S ^ f 8 P ? y 2? R ' afotJrttl me)tstrea '" °f ethylene vinyl acetate copolymer having a melt Index 
to^S S ^^ a ^^^ he3 ^' a ^ a ^^ t8< ^^acoporyester. 

An^itkHia^bodhnent ofa method of making an impact resistant film comprises providing a Wend of 
t ^ll^r^l? oopo, y ,nef and an elastomer and extruding a first melt stream of the Wend; 

■15^? 'traamof afractonal melt index ethylene vinyl acetate copolymer a third melt stream of ethylene 
TOf 2^!!? ene ***** "V**™*- ora "end of ethylene vinyl acetate copolymer 
and eth^enemethyl acrytate coporymer. a fourth melt stream of a polymeric adhesive: and a fifth melt stream 

Z aC °f_S^ r ' 10 fom ? J afilm - Medfca « P™*** may be made from a film of the present invention. Accordingly 
the mention also provides a medical pouch comprising a fim of the invention. 

FIG. 1 is a schematic cross-section of a torn made in accordance with the invention' 

FIG. 2«aschematk:cross-se<^ofam>therfilmmadein accordance with the invention; 

FIG. 3 is a schematic cross^ecoon of yet another film made in accordance with th present invention; 

FIG. 4 is a schematic cross-section of still another fim mad in accordance with the present invention; 

F G. 5 is a schematic cross-section of another film made in accordance with the present invention; 

p r 2! •' 8 8 S J!^' C CroSS ^ ectk>n * m aftema »« Am made in accordance with the present invention: 

fig. 5b b a schematic cross-section of another alternative film made in accordance with the present inven- 



4 



EP0 468 768 A1 



tk>n; and 

FIG. 6 is a schematic cross-section of yet another film made in accordance with the present invention. 

Figure 1 shows a three layer impact resistant film 1 in accordance with the pres nt invention. Sealant layer 
10 comprises a Mend of a high melt flew ethylene propylene oopolymer (EPC) and an elastomer such as a 
styrene ethylene butyten styrene copolymer (SEBS). A suitable EPC resin is 2 9550 from Fina, or PLTD 665 
from Exxon. The Fina material has an ethylene content of about 6.0%. Both EPC resins have a melt flow of 
about 1 0 grams/10 minutes (ASTM D 1236, Condition L). Other high melt flow ethylene propylene copolymers, 
and pdypropylenes (PP) may be used. The elastomer is preferably a styrene ethylene butylene styrene 
copolymer (SEBS). The SEBS is preferably Kraton G 1 652. This particular material may be regarded as a ther- 
moplastic rubber, and also as a block copolymer with polystyrene end blocks and a rubbery polyethylene 
butylene mid block. A preferred blend range for sealant layer 10 includes between about 70% and 95% high 
melt flow EPC and between about 5% and 30% of an elastomer. 

Other suitable elastomers for sealant layer 10 include styrene butadiene styrene copolymer, styrene iso- 
prene styrene copolymer, and ethylene propylene rubber. 

Although outer layer 14 may be identical to sealant layer 10 in terms of composition and thickness, these 
layers may differ depending on the particular end use. For example, the Inner sealant layer 10 may have 20% 
elastomer to enhance impact resistance, while outer layer 14 may have only 10% elastomer. Elastomers such 
as SEBS adversely affect optics to some extent Having a higher % elastomer in the sealant layer instead of 
the outer layer masks to some extent the loss in optical quality. 

Outer layer 14 can also comprise a high melt flow EPC without any blended elastomer. 

As an alternative, sealant layer 1 0 can comprise a high melt flow EPC without any blended elastomer, and 
outer layer 14 can comprise a blend of high melt flow EPC and an elastomer. Thus, elastomer can be present 
as a blend material in one or both outer layers of the present fflm. 

The Wend in outer layers 10 and/or 14 is preferably between 70% and 95% high melt flow ethylene pro- 
pylene copolymer, and 5% to 30% by weight of elastomers such as styrene ethylene butylene styrene 
copolymer. 

Interior layer 12, disposed between the two outer layers 10 and 14, comprises ethylene vinyl acetate 
copolymer (EVA), ethylene methyl acryiate copolymer (EMA), or blends of EVA and EMA. Preferably, the EVA 
has a vinyl acetate content of between about 16% and 35% by weight of the EVA. Even more preferably, the 
EVA has a vinyl acetate content of about 26% by weight of the EVA. Several commercially avaiable EVA resins 
are suitable for intermediate layer 12. These include Elvax 31 75 having a melt index of 6 and a 26% vinyl acetate 
content by weight of the EVA. Also useful is Elvax 31 62. a 3 melt Index resin with a vinyl acetate content of 
about 26% by weight of the EVA. Both of these resins are available from du Pont Additionally, Exxon 767.36 
(2.5 melt index, 30% vinyl acetate) and Exxon 760.36 (3 melt index. 27.5% vinyl acetate) are also suitable for 
intermediate layer 12. The intermediate layer 12 comprises preferably between 60 and 90% and more prefer- 
ably about 60% of the total film thickness exclusive of sacrificial layers to be described hereafter. 

Coextaiding prior film structures, with differences in viscosity of the respective resins can make coextrusion 
difficult to perform satisfactory. For example, severe melt ripples can sometimes result In these situations, 
an additional outer layer of for example low density polyethylene is adhered to each of the outer layers. These 
additional layers function as sacrificial layers which are stripped away after the ooextruded f*n has been pro- 
duced. This allows the blend layers to function as sealant layers if necessary. 

The present invention eliminates the need for sacrificial layers by providing a high melt flow EPC which 
more closely matches the viscosity of for example relatively thick internal EVA layers. 

In an alternative embodiment for Figure 1. between about 70% and 95% of a high melt flow EPC is blended 
with between about 5 and 30% of an elastomer such as SEBS. This blend Is ooextruded with a flexible copofyes- 
ter such as the EcdeQ 9967 material described below, along with a polymeric adhesive (such 
below) which is disposed between and serves to bond the Wend layer to the flexible copolyester layer. In this 
alternative embodiment the central polymeric adhesive layer is preferably a thin layer ( relative to the two outer 
layers ), compared with the relatively thick central layer 12 as depicted in Figure 1. 

Figire 2 shows a four layer film made in accordance with the present invention. Outer layer 26 is preferably 
a blend of high melt flow EPC and the elastomer material descrfced for outer layers 10 and 1 4 of the three layer 
structure. 

Interior layer 24 comprises an EVA, EMA. or blends of EVA and EMA such as those described earlier. The 
second outer layer 20 is a flexible copolyester. 

Adhesive layer 22 is a polymeric adhesive such as a modified ethylene methyl acryiate copolymer or mod- 
Wed thylene vinyl acetate copolymer. Certain ethylene unsaturated ester copolymers, unmodified, may also 
be suitable for layer 22 in order to bond the interior EVA layer 24 to outer copolyester layer 20. 

In addfcion, other polymeric adhesive materials may be suitable for layer 22 as well as the adhesive layers 
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of other embodiments of the present invention. The choice of these adhesive materials depends on th selection 
of resins for the remaining layers of the film structure, in particular the resin layers which wil be bonded by the 
adhesive layer. These additional adhesives are pref raWy chemically modified adhesives, often with add or 
acid anhydrid functionalities, and indud chemically modified versions of the following: linear low density 
polyethylene, very low density pdyethyl ne, high density pdyethyl n and polypropylene. 

Suitable chemically modified adhesives indude ByneJ} E 361 available torn du pent, and Plexar} 3382 
available from Quantum/USI. The ByneJ E 361 material is an EVA based polymeric adhesive with malefc anhyd- 
ride graft copolymer. The plexar 3382 material is a EMA based chemically modified pdymeric adhesive with 
maletc anhydride graft copolymer. 

Also suitable for layer 22 is modified styrene ethylene butyfene styrene copolymer avaBable from Shell 
Chemical Company as Kraton{ FG 1901X rubber. 

Figure 3 shows a five layer film 3 substantially like the four layer film described earlier, but with an additional 
layer 36 of a polymeric adhesive such as a modified ethylene methyl acrylate copdymerora modified ethylene 
vinyl acetate copolymer. Layer 36 can also comprise one or more of the adhesives described above for Fig. 2. 
Layer 36 can also comprise a:Wend of ethylene propylene oopdymer and very low density polyethylene: A pre- 
ferred blend is 50% EPC and 60% VLDPE. Thus, layer 36 of Figure 3 corresponds to layer 26 of Figure 2, layer 
34 of Figure 3 corresponds to layer 24 of Figure 2. layer 32 of Figure 3 corresponds to layer 22 of Figure 2, 
and layer 30 of Figure 3 corresponds to layer 20 of Figure 2. 

The outer layers 30 of Figure 3 and 20 of Figure 2 are a flexible oopolyester. 

More preferably, a copolymer of polyether and polyethylene terephthalate, such as Eastman Ecdel 9965 
from Eastman Chemical Products, Inc. is used for outer layers 30 and 20. Other suitable flexible oopolyestera 
are Ecdel 9966 and Ecdel 9967 all available from Eastman. These particular copolyesters are characterized 
by inherent viscosities ranging from 1.05 to 1.26, and by the use of 1,4 cydohexane dimethanol, 1,4 eye- 
lohexane dicarboxylic acid, and polytetramethytene glycol ether as reactants in producing the flexible oopolyes- 
ter resins. 

Various polymeric materials or blends of materials may be used for adhesive layers 32, 36 and 22 provided 
that the material used imparts sufficient adhesion between outer layers and the central or interior polyolefin 
layer. When a flexible copdyester is used for outer layer 30. the preferred material for layer 32 Is a chemically 
modtfied ethylene methyl acrylate copolymer with a carboxylic acid or acid anhydride functionality. An especially 
preferred commercial resin is plexar 3382 available from Quantim 

Other suitable commercial resins are Bynel E162 and Bynd E361, both chemically modffied EVA materials 
available from du Pont 

The central layer 34 of Fig. 3 comprises a polyolefin and more preferably an EVA such as those described 
earlier, or a very low density polyethylene (VLDPE) such as DEFD 1362 avaBable from Union Carbide. 

Figure 4 shows an alternative embodiment being a five layer fim 4. In applications where improved melt 
strength is required, the film described for Figure 1 can be further improved by Introducing a fraction^ melt 
index EVA into the center erf the structure so that layer 46 of Figure 4 is a fractional melt index (La less than 
1 .0 melt index) EVA, and layers 48 and 44 disposed on either side of the layer 46, comprise the high vinyl ace- 
tate, high (greater than 1 .0) melt index EVA described earlier for central layer 12. The total EVA content of this 
alternative embodiment is stil preferably between 60% and 90%. and more preferably about 80% of the total 
fflm thickness. Examples of a fractional melt index EVA are Elvax 31 35 and 3165, both available from du Pont 

In one variation of this alternative embodiment the central layers 44, 46, and 48 may be reversed. In this 
variation, the fractional melt index EVA would form layers 44 and 48, and the central layer 46 would comprise 
the high vinyl acetate EVA. 

Layers 42 and 50 of Figure 4 correspond to layers 14 and 10 respectively of Figure 1. 

In Figure 5, a six layer fim structure 5 is shown. 

in this embodiment a central layer 46 comprises a polyolefin, and preferably a fractional melt index EVA, 
high density polyethylene (HDPE), VLDPE. a blend of VLDPE and EVA, a blend of polypropylene (or EPC) 
and EVA, a Wend of polypropylene (or EPC) and EMA. or a triple blend of polypropylene (or EPC) and EMA 
and EVA. 

Intermediate layers 44 and 48 comprise an ethylene vinyl acetate copolymer having a melt index greater 
than about 1.0. 

Outer layer 26 is a blend of high melt flow EPC and elastomer as descrfoed earlier for Figs. 1 and 2. 

Outer layer 20 is a oopolyester as described above for Fig. 2. 

Layer 22 comprises a polymeric adhesive as described above for Fig. Z 

In an alternative arrange™ nt for the fim of Figure 5, the relative position of layers 46 and 44 is reversed 
(see Figure 5a). In the preferred embodiment this puts identical or substantially id ntical layers 48 and 44 next 
to each other in the muftflayer film structure. Even when produced from two discrete melt streams, layers 48 
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and 44 can become in effect one thickened layer 60 (see Figure 5b). The inventor has found that bringing the 
EVA material of layer 44 closer to sealant layer 26 ntproves the radio frequency (RF) sealability of containers 
made from th Inventive fibn. 

In Figure 6. a five layer film structure 6 is shown. This structure is essentially like the structure shown in 
Figured but with alayer 54 c/afractior^mettirKJex EVA ( .g.Ervax 3135 a- Bvax3165)addedtothe structure. 

The tarns as described are preferably manufactured by a cast coextrusion process. 

EXAMPLES 



Exemplary multi-layer structures of Examples 1 through 3 were cast ooextruded and irradiated These 
structures are viewed as potential replacements for polyvinyl chloride bags. Examples 1 through 11 in part 
reflected in the detaied description of the preferred embodiments hereinbefore described, are discussed below 
with their respective formulations. The list for each example begins with the inside or sealant layer, and ending 
with the outside layer. Unless otherwise denoted, the Examples include the folowing materials: 
EPC,: = NO 54 

SEBS,: = Kraton 6 1652 

flexible co polyester,: EcdeJ 9965; 
flexile copolyester 2 : EcdeJ 9967 
EVA,: = Etvax 3182-2 

VLDPE,:* DEFD1362 
Adhesive, = BynelE361 
Adhesfvej* Plexar3382 

In Example 1, the multMayerfilm comprised 60% EPC, + 20% SEBS,/EVVAdhesive,/Flexible Copolyes- 
ter, . The outer layer of flexible copolyester included about 5% by weight of the outer layer of a masterbatch 
nduding Irganox} 1010. a high molecular weight stabilizer. This masterbatch was included in like amount In 
the flexfcie copolyester layer of Examples 2 and 3. 

In Example 2, the multi-layer film comprised the same construction as the films of Example 1 but with a 
Wend layer comprising 90% EPC, + 10% SEBS,. 

In Example 3 a multi-layer film comprised 60% EPC, ♦ 20% SEBS,/50%VLDPE,+50%EPC 1 /VLDPE,/ 
Adhesiveafflexible copolyester,. 

Exam^es 4 through 6 are made by the same process o^scriied above for Exam^eslmroijgh 3. and com- 
prise the same construction as Examples 1 through 3 respectively, except that the EPC of Examples 4 through 
6 has a melt flow of about 5 grams/10 minutes (ASTM D 1238. Condition L). 

Examples7mrough9aremadebytrmsan^ above for Examples 1 through 3, and com- 

prise the same construction as Examples 1 through 3 respectively, except that the EPC of Examples 7 through 
9 has a melt flow of about 10 grams/1 0 minutes (ASTM D 1238. Condition L). 

Example 10 is made by the same process described above for Examples 1 through 3. and comprises 80% 
EPC, ♦ 20% SEBS^A^5WEVA,+50%EPCi/EVA^Adhesive^llexible copolyester,. 

Example 1 1 is made by the same process described above for Examples 1 through 3, and comprises 80% 
EPC, + 20% SEBS^EVA^EVA,/50%EVA,*50%EPC^Adhesr/e^ltexible copolyester,. 

EPC resins with intermediate melt flow rates of e.g. 7. 8. 12. and 13 grams/10 minutes (ASTM D 1238. 
Condition L) can also be used in the present invention. 

Rims in accordance with the present invention are preferably cross-Jinked. This is preferably done by irradi- 
ation, i.e. bombarding the fikn with particulate and mm-particulateradiations such as high energy electrons from 
an accelerator or cobalt-60 gamma rays, to crosslink the materials of theflm. Cross-linking increases the struc- 
tural strength of film and/or the force at which the material can be stretched before tearing apart, and may also 
improve the optical properties of the film and change the high temperature properties of the film. A preferred 
irradiation dosage level is in the range of from about 2 Megarad3 (M.R.) to about 8 M.R. 
Cross-linking may also be accomplished chemically e.g.by the use of peroxides. 
Pouches made in accordance with the present invention may be sealed by various means well known in 
the art. including radiation frequency (RF.) sealing, impulse and hot bar sealing. 

The films according to the present invention are preferably formed by cast coextrusion as a tubular film 
Containers for medical applications, or other desired end uses can be made directly from the ooextruded. tubu- 
lar Urn. or alternatively from rollstock material obtained from the tube after it has been slit and pry separated. 
A hot blown process can also be used to make th fim. although optical properties of the resulting pouch would 
be inferior to those from a cast coextrusion process. Other processes, such as xtrusbn coating, conventional 
lamination, slot die extrusion, etc. can also be used to make th fikn of the present invention, although these 
alternative processes can be more difficult or less efficient than the preferred method. 
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It should be noted that the detaied description and specific examples which indicate the presently preferred 
embodiments of the invention are given by way of ilustration only. Various changes and modifications within 
the spirit and scope of the claims will become apparent to those of ordinary ski! in the art upon review of the 
abov d tailed description and examples. 



Claims 

1. An impact resistant fBm comprising: 

two outer layers each comprising a high melt flow ethylene propylene copolymer, and 
an interior layer disposed between the two outer layers and comprising an ethylene vinyl acetate 
copolymer, ethylene methyl acrylate copolymer or a blend thereof; 

at least one of the outer layers further comprising an elastomer. 

2. A film according to claim 1 in which the interior layer comprises: 

a central layer comprising a fractional melt index ethylene vinyl acetate copolymer and 
an intermediate layer disposed between each of the two outer layers and the central layer respect- 
ively and comprising ethylene vinyl acetate copolymer having a melt index greater than about 1. 

3. A film according to damn 1 in which the interior layer comprises: 

a central layer comprising ethylene vinyl acetate copolymer having a melt index greater than about 

1;and 

an intermediate layer disposed between each of the two outer layers and the central layer respect- 
ively and comprising a fractional melt index ethylene vinyl acetate copolymer. 

4w An impact resistant fflm comprising: 

a) a first outer layer comprising a blend of a high melt flow ethylene propylene copolymer and an elas- 
tomer; 

b) a second outer layer comprising a copdyester; 

c) an interior layer comprising a polyolefin; and 

d) a polymeric adhesive layer disposed between and adhering the second outer layer to the central 
layer. 

5. AfBm according to claim 4 further comprising a second adhesive layer between and adhering the first outer 
layer to the interior layer. 

ft. A film according to claim 4 or 5 wherein the polyolefin is 

a) ethylene vinyl acetate copolymer, 

b) ethylene methyl acrylate copolymer; 

c) a blend of ethylene vinyl acetate copolymer and ethylene methyl acrylate copolymer; or 

d) very low density polyethylene. 

7. A film according to claim 4, 5 or 6 in which the interior layer comprises: 

a central layer comprising a polyolefin; and 

an intermediate layer disposed between the first outer layer and the central layer, and comprising 
ethylene vinyl acetate copolymer having a melt index greater than about 1. 

8. A film according daim 7 in which the interior layer comprises: 

a central layer comprising a polyolefin and 

an intermediate layer disposed between each of the two outer layers and the central layer respect- 
ively and comprising ethylene vinyl acetate copolymer having a melt index greater than about 1. 

9. A film according to claim 7 or 8 wherein the central layer comprises a polyolefin which is: 

a fractional melt index ethylene vinyl acetate copolymer, 
high density polyethylene; 
very low density polyethylene; 

a blend of very low density polyethylene and ethylene vinyl acetate copolymer; 

a bfend of polypropylene or ethylene propylene copolymer and ihylene vinyl acetate copolymer; 
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a Wend of polypropylene or ethyl ne propylene copolymer and ethylene methyl acryiate copolymer 
or a Wend of polypropylene or ethylen propyl ne copolymer and ethylene vinyl acetate copolymer 
and ethylene methyl acryiate copolymer. 

10. A film according to claim 4, 5 or 6 in which the interior layer comprises: 

a central layer comprising ethylene vinyl acetate copolymer, ethylene methyl acryiate copolymer, 
or a blend thereof; and 

an intermediate layer disposed between the first outer layer and the central layer and comprising 
a fractional melt index ethylene vinyl acetate copolymer. 

11. An impact resistant fflm comprising: 

a first outer layer comprising a blend of a high melt flow ethylene propylene copolymer and an elas- 
tomer, 

a second outer layer comprising a copotyester; and 

a polymeric adhesive layer disposed between and adhering the first and second outer layers. 

1 2. A film according to any one of claims 4 to 1 1 wherein the polymeric adhesive comprises a chemically mod- 
ified ethylene unsaturated ester copolymer. 

11 A film according to claim 12 wherein the chemicaly modified ethylene unsaturated ester copolymer b an 
adhesive which is chemically modified ethylene methyl acryiate copolymer or chemically modified ethylene 
vfriyl acetate copolymer. 

1 4. A film according to any one of clams 4 to 1 1 wherein the polymeric adhesive comprises a chemically mod- 
ified polymeric adhesive which is 

modified linear low density polyethylene; 
modified very low density polyethylene; 
modified high density polyethylene; 
modified polypropylene or 

modified styrene ethylene butylene styrene copolymer. 

15. A film according to any one of the preceding claims wherein the elastomer is: 

styrene ethylene butylene styrene copolymer; 
styrene butadiene styrene copolymer; 
styrene isoprene styrene copolymer, or 
ethylene propylene rubber. 

1 6. A film according any one of the preceding claims wherein at least one outer layer comprises a blend of 
70% to 95% high melt flow ethylene propylene copolymer, and 5% to 30% of a elastomer by weight. 

17. A film according to any one of the preceding claims wherein the interior layer comprises ethylene vinyl 
acetate copolymer having a vinyl acetate content from 188 to 358 by weight of the ethylene vinyl acetate 
copolymer. 

18. A f3m according to claim 17 wherein the ethylene vinyl acetate copolymer has a melt index peater than 
about 1. 

19. A method of making afim as claimed in any one of the preceding claims comprising: 

providing a blend of a high melt flow ethylene propylene copolymer and an elastomer and extruding 
9 a fnett stream of the blend of ethylene propylene copolymer and elastomer 

ii) a second melt stream of ethylene vinyl acetate copolymer, ethylene methyl acryiate copolymer, or a 
Wend of ethylene vinyl acetate copolymer and ethylene methyl acryiate copolymer, ami 

iii) a third melt stream of high meltflow thyfene propyl ne copolymer optionally blended wfth elastomer, 
to form a fBm; or 

extruding 

I) a first melt stream of the blend of ethylen e propylene copolymer and lastomer, 

ii) a second melt stream of a polyolefin, 

iii) a third melt stream of a copotyester, and 
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rv) a melt stream of a polymeric adhesive disposed between the second and thWmdt streams respect- 
rvely, 

to foim a fflm; or 
extruding 

5 

f) a first melt stream of the Wend of ethylene propylene copolymer and elastomer. 

ii) a second melt stream of a polymeric adhesive, and 

iii) a third melt stream of a copolyester P to form a film. 

10 20. A medical pouch comprising a film as daimed in any one of claims 1 to 18. 
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